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Description 

[0001] The present invention relates to low profile an- 
tennae, particularly but not exclusively to inverted-F an- 
tennae. 

[0002] Low profile antennae such as inverted-L or F 
antennae are well known in the art, e.g. from JP 59 
097209. An example of an inverted-F antenna is shown 
in Figure 1 of the accompanying drawings. The antenna 
100 comprises a feed section 102 coupled to a short 
circuited inductive stub 104 and a capacitative line 106. 
The inductive stub 104 is short circuited to a ground 
plane 1 08, above which the feed section 1 02 protrudes 
by a distance D. The ground plane 108 is open to allow 
access for the feed section 1 02 which is electrically in- 
sulated 110 from the ground plane 108. The respective 
lengths L 1( L 2 , of the inductive stub 104 and the capac- 
itative line 106 are determined to give a desired reso- 
nance frequency and input impedance Z jn to the anten- 
na seen from the antenna feed point 112. The input im- 
pedance is dependant upon the position of the feed sec- 
tion 1 02 and hence lengths L 1 and L 2 , and can be made 
wholly resistive. Typically, this is a 50 OHM impedance 
in order to match the output or input impedances respec- 
tively of commercially available power amplifiers and 
low noise amplifiers. Further details regarding inverted- 
L or F antennas may be found in "Small Antennas" ISBN 
0 86380 048 3 pages 116-151. 
[0003] Inverted-F antennae have found particular ap- 
plications in the radio telephone art where their high gain 
and omni-directional radiation patterns are particularly 
suitable. They are also suitable for applications where 
good frequency selectivity is required. Additionally, sine 
the antennae are relatively small at typical radio tele- 
phone frequencies they can be incorporated within the 
housing of a radio telephone thereby not interfering with 
the overall aesthetic appeal of the radio telephone and 
giving it a more attractive appearance than radio tele- 
phones having external antennae. By placing the anten- 
na inside the housing of a radio telephone, the antenna 
is also less likely to be damaged and therefore have a 
longer useful life. The inverted-F antenna lends itself to 
planar fabrication, and may suitably be fabricated on the 
printed circuit board typically used in a radio telephone 
to support the electronic circuitry, which lends itself to 
cheap manufacture. 

[0004] However, despite their relatively small size the 
fact that radio telephones are becoming smaller and 
smaller, and more and more complex necessitating a 
greater amount of electronics within the housing, the 
space available for the inverted-F antenna is getting 
smaller and it is becoming more difficult to conveniently 
fit such antennae inside the housing. Placing such an 
antenna external to the housing is inconvenient since it 
must be conductively coupled through the housing to the 
components on the printed circuit board, and it removes 
the benefits normally associated with an internal anten- 
na. 



[0005] According to the present invention, there is 
provided a planar antenna disposed on a substrate, 
comprising a ground plane, a first conductive member 
disposed transverse to and electrically insulated from 
s the ground plane, and a second conductive member 
electrically coupled to the first conductive member and 
having an open circuit end, wherein the second member 
is concave towards the ground plane. 
[0006] This has an advantage in that the antenna is 
smaller than conventional inverted-L or F antennae and 
is therefore suitable as an internal antenna for appara- 
tus which has little available space inside. 
[0007] In a preferred embodiment of the invention the 
ground plane is correspondingly curved with respect to 
the second member. This has a surprising and unex- 
pected advantage in that the radiation pattern is im- 
proved over that obtained with a flat ground plane and 
is similar to that from a conventional Inverted-L or F an- 
tenna. Additionally, the amount of power radiated from 
the open circuit end is increased relative to that obtained 
with a flat ground plane antenna. 
[0008] A curved antenna is disclosed in US 5 437 091 . 
[0009] Preferably, the separation between the second 
member and the ground plane is substantially constant, 
and suitably the separation between the second mem- 
ber and the ground plane is of the order of one tenth of 
the wavelength of the centre frequency of the antenna. 
[001 0] Advantageously, the second conductive mem- 
ber comprises a stub portion electrically coupled to 
ground and extending to a side of the first member in an 
opposing direction to the open circuit end. This results 
in the possibility of tuning out the respective reactances 
of the short circuited stub and open circuit end such that 
the antenna has a wholly resistive input impedance. 
When combined with the feature of a curved ground 
plane there is the advantage that the characteristic im- 
pedance of the antenna is independent of the open cir- 
cuit length and hence it is easier to match the input im- 
pedance to the output impedance of conventional elec- 
tronic devices, by locating the antenna feed at an ap- 
propriate point from the short circuited stub and open 
circuit end. 

[0011] Typically the ground connection for the stub 
portion comprises a conductive element contacting the 
ground plane, and the first member, conductive element 
and open circuit end are substantially in line. 
[001 2] By arranging the first member and conductive 
element such that they are non-parallel the respective 
currents flowing in opposite directions in the first mem- 
ber and conductive element tend not to cancel in the far 
radiative field. Consequently, a greater radiated field is 
possible in a short circuit direction of the antenna than 
can be achieved with a conventional inverted-F anten- 
na. 

[0013] The antenna may be fabricated on a suitable 
substrate such as a printed circuit board, and the ground 
plane may be formed from a part of the radio frequency 
shielding for circuitry associated with an apparatus as- 



15 



20 



25 



30 



35 



40 



45 



50 



EP000757405 [file:/A\c^mrfsOn 

\ 

3 EP 0 757 405 B1 4 



sociated with the antenna. 

[0014] Embodiments of the invention will now be de- 
scribed, by way of example only, and with reference to 
the accompanying drawings, in which: 

5 

Figure 1 is a schematic diagram of a conventional 
inverted-F antenna; 

Figure 2 is a schematic diagram of a curved invert- 
ed-F antenna in accordance with a first embodiment 
of the invention; 

Figure 3 is a schematic diagram of a curved invert- 
ed-F antenna with a curved ground plane in accord- 
ance with a second embodiment of the invention; 
and 

Figure 4 is a schematic diagram of an embodiment 
of the invention showing a curved inverted-F anten- 
na disposed on a printed circuit board and coupled 
to a ground conductor of the printed circuit board. 

[0015] Figure 2 shows a schematic diagram of an an- 
tenna, named curved inverted-F antenna, in accord- 
ance with a first embodiment of the invention. When re- 
ferring to Figure 2 like features to features in Figure 1 
will be referred to by like reference numerals for Figure 
1. The inductive stub 104 and capacitative line 106 of 
Figure 1 are now curved inductive stub 204 and curved 
capacitative line 206. The amount of space taken up by 
the curved inverted-F antenna along its longtitudinal ax- 
is is substantially less than that taken up by the conven- 
tional inverted-F antenna. Thus, the curved inverted-F 
antenna can fit into smaller spaces. As can be seen from 
Figure 2, the distance between the curved inductive stub 
204 and curved capacitative line 206, and the ground 
plane varies, for example having distances D 1f D 2 and 
D 3 . Since the curved inductive stub 204 is relatively 
short compared to the curved capacitative line 206, the 
effects of the curvature on the inductive stub 204 can 
be ignored. However, it is the Applicant's understanding 
that such effects cannot be ignored with regard to the 
curved capacitative line 206. The effect of the curvature 
is to give an effective characteristic impedance Zq which 
is dependent upon the length L' 2 of the curved capaci- 
tative line 206. In terms of transmission line equations, 
this has the effect of providing an input impedance of 
the form, 

z -\Z 0 (L 2 .) 
! n tan$L 2 , 

where Z ln is the input impedance seen at the feed point 
to the antenna, 2 0 (L' 2 ) is the length dependent effective 
characteristic impedance of the capacitative line, L 2 is 
the length of the capacitative line and $ is the phase of 
a signal propagating down the curved capacitative line 



206. The dependence of the input impedance on two 
parameters which are functions of the length L' 2 of the 
curved capacitative line 206 makes the calculations for 
matching the antenna to a desired feed point impedance 
difficult, and further may have the effect of reducing the 
band-width of the antenna. Additionally, the open end 
214 of the curved capacitative line 206 is closer to the 
ground plane 108 than the rest of the antenna and has 
the effect of closing off a radiating aperture of the anten- 
na compared with the conventional inverted-F antenna. 
This has a detrimental effect on the radiation patterns 
of the antenna. 

[0016] A preferred embodiment of the invention is 
shown schematically in Figure 3 where like features to 
those in Figures 1 and 2 are described using like refer- 
ence numerals. In the preferred embodiment the ground 
plane 308 for the curved inverted-F antenna is corre- 
spondingly curved such that the distance D between the 
curved capacitative line 206 and the ground plane 308 
remains substantially constant. This has the effect of re- 
moving the dual dependency of the input impedance on 
the length L 2 of the curved capacitative line 206, and 
further maintaining the open end 314 of the curved ca- 
pacitative line 206 at the greatest separation D from the 
ground plane 308. Thereby, giving good radiation from 
the open end 314 such that it is substantially similar to 
that obtainable from a conventional inverted-F antenna. 
[0017] In the preferred embodiment of the invention 
the curved inverted-F antenna 416 is built on a printed 
circuit board 418 as shown in Figure 4. The antenna is 
designed to operate at a centre frequency of 1890MHz 
in a frequency band of 1880 to 1900MHz, and requires 
a bandwidth of at least one per cent of the centre fre- 
quency (1890MHz). The design parameters of the an- 
tenna 41 6 in accordance with the preferred embodiment 
of the invention are such that the width 31 6 of the curved 
inductive stub 204 and curved capacitative line 206 is 
2mm. The thickness of the feed track 102 is 1mm and 
the distance D between the inside edge 322 of the an- 
tenna and the ground plane 308 is approximately one- 
tenth of the centre frequency wavelength, that is to say 
8mm. The radius of curvature 320 of the outer edge of 
the antenna is 24.7mm, and the radius of curvature of 
the inner edge 322 of the antenna is 22.7mm. The radius 
of curvature of the ground plane is 13mm. The curved 
inverted-F antenna 41 6 is built on a printed circuit board 
made of any suitable material using conventional cop- 
per metalisation. 

[001 8] In the preferred embodiment, and as shown in 
Figure 4, the feed track 402 is not parallel to the short 
circuit 420 for the curved inductive stub 204, but instead 
each follow their respective radiuses. This has the effect 
that the current flowing in the feed track 402 and short 
circuit 420 are not parallel. Thus, even though the cur- 
rents flow in opposite directions, unlike the conventional 
inverted-F antenna and the curved inverted-F antenna 
shown in Figures 2 and 3 these current contributions 
tend not to cancel in the far field region of the radiation 
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sociated with the antenna. 
[0014] Embodiments of the invention will now be de- 
scribed, by way of example only, and with reference to 
the accompanying drawings, in which: 

5 

Figure 1 is a schematic diagram of a conventional 
inverted-F antenna; 

Figure 2 is a schematic diagram of a curved invert- 
ed-F antenna in accordance with a first embodiment 
of the invention; 

Figure 3 is a schematic diagram of a curved invert- 
ed-F antenna with a curved ground plane in accord- 
ance with a second embodiment of the invention; 
and 

Figure 4 is a schematic diagram of an embodiment 
of the invention showing a curved inverted-F anten- 
na disposed on a printed circuit board and coupled 
to a ground conductor of the printed circuit board. 

[0015] Figure 2 shows a schematic diagram of an an- 
tenna, named curved inverted-F antenna, in accord- 
ance with a first embodiment of the invention. When re- 
ferring to Figure 2 like features to features in Figure 1 
will be referred to by like reference numerals for Figure 
1. The inductive stub 104 and capacitative line 106 of 
Figure 1 are now curved inductive stub 204 and curved 
capacitative line 206. The amount of space taken up by 
the curved inverted-F antenna along its longtitudinal ax- 
is is substantially less than that taken up by the conven- 
tional inverted-F antenna. Thus, the curved inverted-F 
antenna can fit into smaller spaces. As can be seen from 
Figure 2, the distance between the curved inductive stub 
204 and curved capacitative line 206, and the ground 
plane varies, for example having distances D-,, D 2 and 
D 3 . Since the curved inductive stub 204 is relatively 
short compared to the curved capacitative line 206, the 
effects of the curvature on the inductive stub 204 can 
be ignored. However, it is the Applicant's understanding 
that such effects cannot be ignored with regard to the 
curved capacitative line 206. The effect of the curvature 
is to give an effective characteristic impedance Zq which 
is dependent upon the length L' 2 of the curved capaci- 
tative line 206. In terms of transmission line equations, 
this has the effect of providing an input impedance of 
the form, 

z -jZ 0 (L 2 .) 
l n tan$L 2 . 

where Z ln is the input impedance seen at the feed point 
to the antenna, Z Q (L' 2 ) is the length dependent effective 
characteristic impedance of the capacitative line, L' 2 is 
the length of the capacitative line and p is the phase of 
a signal propagating down the curved capacitative line 



4 

206. The dependence of the input impedance on two 
parameters which are functions of the length L 2 of the 
curved capacitative line 206 makes the calculations for 
matching the antenna to a desired feed point impedance 
difficult, and further may have the effect of reducing the 
band-width of the antenna. Additionally, the open end 
214 of the curved capacitative line 206 is closer to the 
ground plane 108 than the rest of the antenna and has 
the effect of closing off a radiating aperture of the anten- 
na compared with the conventional inverted-F antenna. 
This has a detrimental effect on the radiation patterns 
of the antenna. 

[0016] A preferred embodiment of the Invention is 
shown schematically in Figure 3 where like features to 
those in Figures 1 and 2 are described using like refer- 
ence numerals. In the preferred embodiment the ground 
plane 308 for the curved inverted-F antenna is corre- 
spondingly curved such that the distance D between the 
curved capacitative line 206 and the ground plane 308 
remains substantially constant. This has the effect of re- 
moving the dual dependency of the input impedance on 
the length U 2 of the curved capacitative line 206, and 
further maintaining the open end 314 of the curved ca- 
pacitative line 206 at the greatest separation D from the 
ground plane 308. Thereby, giving good radiation from 
the open end 314 such that it is substantially similar to 
that obtainable from a conventional inverted-F antenna. 
[0017] In the preferred embodiment of the invention 
the curved inverted-F antenna 416 is built on a printed 
circuit board 41 8 as shown in Figure 4. The antenna is 
designed to operate at a centre frequency of 1890MHz 
in a frequency band of 1880 to 1900MHz, and requires 
a bandwidth of at least one per cent of the centre fre- 
quency (1890MHz). The design parameters of the an- 
tenna 41 6 in accordance with the preferred embodiment 
of the invention are such that the width 31 6 of the curved 
inductive stub 204 and curved capacitative line 206 is 
2mm. The thickness of the feed track 102 is 1mm and 
the distance D between the inside edge 322 of the an- 
tenna and the ground plane 308 is approximately one- 
tenth of the centre frequency wavelength, that is to say 
8mm. The radius of curvature 320 of the outer edge of 
the antenna is 24.7mm, and the radius of curvature of 
the inner edge 322 of the antenna is 22.7mm. The radius 
of curvature of the ground plane is 13mm. The curved 
inverted-F antenna 41 6 is built on a printed circuit board 
made of any suitable material using conventional cop- 
per metalisation. . 

[0018] In the preferred embodiment, and as shown in 
Figure 4, the feed track 402 is not parallel to the short 
circuit 420 for the curved inductive stub 204, but instead 
each follow their respective radiuses. This has the effect 
that the current flowing in the feed track 402 and short 
circuit 420 are not parallel. Thus, even though the. cur- 
rents flow in opposite directions, unlike the conventional 
inverted-F antenna and the curved inverted-F antenna 
shown in Figures 2 and 3 these current contributions 
tend not to cancel in the far field region of the radiation 
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5. An antenna according to any preceding claim, 
wherein the second conductive member comprises 
a stub portion (204) electrically coupled to ground 
and extending to a side of the first member (402) in 

5 an opposing direction to the open circuit end. 

6. An antenna according to claim 5, wherein the stub 
portion is electrically coupled to ground via a con- 
ductive element (420) contacting the ground plane. 

w 

7. An antenna according to claim 6, wherein the first 
member (402) and conductive element (420) are 
no n -parallel. 

15 8. An antenna according to any preceding claim, and 
fabricated on a printed circuit board. 

9. An antenna according to any preceding claim, 
wherein the ground plane forms a part of a radio 
20 frequency shielding for circuitry associated with the 
antenna. 



patterns. Consequently, a curved inverted-F antenna in 
accordance with the embodiment shown in Figure 4 has 
greater radiated power in its short circuit direction than 
obtainable from a conventional inverted-F antennae. In 
practical applications of the present invention, it is nec- 
essary to provide testing contacts 422 on the printed cir- 
cuit board 418 so that the performance of the antenna 
may be tested during manufacture. Such a testing con- 
tact is of course conductive and may act to perturb the 
performance of the antenna if it is too large. However, 
the Applicant has found that small perturbations such 
as that shown in Figure 4 as reference 422 do not unduly 
affect the performance of the antenna and can be toler- 
ated. As can be seen in Figure 4, the curved inductive 
stub 204 is grounded to a ground conductor 424. This 
ground conductor 424 may form part of the ground con- 
ductor for the RF shielding of the radio telephone and 
consequently is a convenient ground connection for the 
curved inductive stub 204. Optionally, a radio frequency 
shield or cover may form the ground plane and ground 
connection for the curved inductive stub 204. This may 
be particularly useful should the curved inverted-F be 
fabricated on the interior of the housing of the radio tel- 
ephone such that the conductive housing of the RF 
shield provides its ground plane. 
[0019] The amount of curvature of the antenna, and 
correspondingly the ground plane, is in part determined 
by the radiation patterns the antenna is desired to gen- 
erate. The Applicant is not aware of any limitations on 
the curvature due to impedance matching criteria. 



Claims 

1. A planar antenna (400) disposed on a substrate 
(418), comprising 

a ground plane, 

a first conductive member (402) disposed 
transverse to and electrically insulated from the 
ground plane, and 

a second conductive member (41 6) electrically 
coupled to the first conductive member and 
having an open circuit end, wherein the second 
member is concave towards the ground plane. 



Patentanspruche 

25 

1 . Planarantenne (400), die auf einem Substrat (41 8) 
angeordnet ist und Folgendes aufweist: 

eine Masseebene; 
30 - ein erstes leitendes Element (402), das trans- 
versal zur Masseebene angeordnet ist und 
elektrisch gegen diese isoliert ist; und 
- ein zweites elektrisches Element (416), das 
elektrisch mit dem ersten leitenden Element 
35 gekoppelt ist und ein offenes Schaltungsende 

aufweist, wobei das zweite Element zur Mas- 
seebene hin konkav ist. 

2. Antenne nach Anspruch 1 , bei der die Masseebene 
40 entsprechend wie das zweite Element gekrummt 

ist. 

3. Antenne nach Anspruch 1 oder Anspruch 2, bei der 
der Abstand zwischen dem zweiten Element und 

45 der Masseebene im Wesentlichen konstant ist. 

4. Antenne nach Anspruch 2 oder Anspruch 3, bei der 
der Abstand zwischen dem zweiten Element und 
der Masseebene in der Groftenordnung eines 



2. An antenna according to claim 1, wherein the 
ground plane is correspondingly curved with re- 
spect to the second member. 

3. An antenna according to claim 1 or claim 2, wherein 
the separation between the second member and 
the ground plane is substantially constant. 

4. An antenna according to claim 2 or claim 3, wherein 
the separation between the second member and 
the ground plane is of the order of one tenth of the 
wavelength of the centre frequency of the antenna. 



30 



35 



so Zehntels der Wellenlange der Mittenfrequenz der 
Antenne liegt. 

5. Antenne nach einem der vorstehenden Anspruche, 
bei der das zweite leitende Element einen elektrisch 
55 mit Masse verbundenen Blindleitungsabschnitt 
(204) aufweist, der sich in der Gegenrichtung zum 
offenen Schaltungsende zu einer Seite des ersten 
Elements (402) hin erstreckt. 
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6. Antenne nach Anspruch 5, bei der der Blindlei- 
tungsabschnitt uber ein die Masseebene kontaktie- 
rendes leitendes Element (420) elektrisch mit Mas- 
se gekoppelt ist. 

7. Antenne nach Anspruch 6, bel der das erste Ele- 
ment (402) und das leltende Element (420) nlcht 
parallel sind. 

8. Antenne nach einem der vorstehenden Anspruche, 
die auf elner gedruckten Leiterplatte hergestellt ist. 

9. Antenne nach einem der vorstehenden Anspruche, 
bei der die Masseebene einen Teil einer Hochfre- 
quenzabschirmung fur eine Schaltung bildet, der 
die Antenne zugeordnet ist. 



10 



15 



pl6e a la masse via un element conducteur (420) 
venant en contact du plan de masse. 

Antenne selon la revendication 6, dans laquelle le 
premier element (402) et I'eiement conducteur 
(420) sont non paralleles. 

Antenne selon I'une quelconquedes revendlcatlons 
precddentes, fabriqu6e sur une carte de circuits im- 
primis. 

Antenne selon I'une quelconquedes revendications 
precSdentes, dans laquelle le plan de masse forme 
une partie d'un blindage de radiofrequence destine" ' 
a un ensemble de circuits assoctes a I'antenne. 



Revendlcatlons 



20 



1. Antenne planaire (400) disposed sur un substrat 
(418), comprenant 

un plan de masse, 

un premier Element conducteur (402) dispose 
transversalement au, et eiectriquement isoie 
du plan de masse, et 

un second Element conducteur (416) eiectri- 
quement couple" au premier element conduc- 
teur et comportant une extr6mite de circuit 
ouverte, dans lequel le second element est 
concave en direction du plan de masse. 

2. Antenne selon la revendication 1 , dans laquelle le 
plan de masse est incurve de maniere correspon- 
dante par rapport au second element, 

3. Antenne selon la revendication 1 ou 2, dans laquel- 
le la separation entre le second Element et le plan 
de masse est sensiblement constante. 

4. Antenne selon la revendication 2 ou 3, dans laquel- 
le la separation entre le second element et le plan 
de masse est de I'ordre d'un dixieme de la longueur 
d'onde de la frequence centrale de I'antenne. 

5. Antenne selon I'une quelconquedes revendications 
precedentes, dans laquelle le second element con- 
ducteur comprend une partie de troncon de ligne 
(204) eiectriquement coupiee a la masse et s'eten- 
dant jusqu'a un c6te du premier element (402) dans 
une direction opposee a I'extr6mite du circuit 
ouvert. 

6. Antenne selon la revendication 5, dans laquelle la 
partie de troncon de ligne est eiectriquement cou- 
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Fig.L 
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Fig.3. 
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